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TRACKING SYSTEM FOR SPORTS 

The present invention relates to a tracking system for sports and 
more particularly to a tracking system for a plurality of sports players 
5 positioned on a pitch or similar area. The system can also con5)rise 
tracking of other objects such as horses on a track or racing cars, sailing 
boats, etc. 

The present invention is to be marketed under the name SporTrack 
10 is a tracking system that measures the location of players and other objects 
on die field, witii high accuracy and video update rates. The system of the 
present invention is able to track 100 players or more, simultaneously, in 
real-time for long periods of time. 

15 The system of the present invention is a cooperative tracking 

system, designed to track multiple cooperative targets withm a given field 
in real-time with high precision and extremely high update rate. The 
system is based on state of the art microwave modules and advanced 
tracking algorithms, to achieve an accurate, independent player location, 

20 in every video frame. Synchronized to a calibrated video camera, the 
system gives the exact location of each player on the screen, allowing 
instant digital and virtual replay, many different statistics and more. 
Current microwave technology allows a low power, lightweight tracking 
system due to precise digital components such as direct digital syntiiesizer 

25 (DDS), high frequency A/D converters and DSPs. The system's operate 
at low power (much lower than any ordinary cellular phone) and carefully 
chosen operating frequencies, assures safe operation in any human or EMI 
environment and conforms with the strictest international and American 
standards. 

1 
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The tracking system will track a player, within the designated field, 
who is wearing a miniature ID tag. This tag, which may be smaller than a 
credit card and lighter than 20 grams, is actually a transponder diat 
5 reflects the signal sent from the transmitter and identifies each player in 
his exact location. This procedure is done simultaneously for all players, 
and is preferably repeated every video frame. The tracking of each player 
is mdependent, and a single player can be tracked as well as 50 players, 
all on the same field. 

10 

GENERAL SYSTEM DESCRIPTION 

SporTrack utilizes some of the latest microwave and DSP 
technologies, the main building block is an advanced, low power, spread 
spectrum radar that incorporates the advantages of MMIC (Miniature 
15 Microwave Integrated Circuits) components and power signal processors. 

The use of these microwave components allows the systan not only 
to be small and lightweight, but also inexpensive. Due to the fact that die 
system is designed to operate at short distances, and the use of spread 

20 spectrum techniques, the average and peak transmitting power is so low, 
that it is literally unaffected by M^RFI and completely safe to humans. 
In fact, the carefully chosen transmitting frequencies and ouq)ut power are 
well below any international radiation standards including the strictest 
FCC recommendations in die USA. The small transponders worn by the 

25 player are similar to the "smart cards" that are developed today around 
the world for many different applications, the transponders small volume 
and weight make it almost unnoticeable to the player diat can keep playing 
exactly as before. 



2 
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The high update rate and the use of advanced waveforms being the 
need to process large amounts of data in a very short time. This is the 
reason that the main processor was developed with the Analogue Device 
SHARC processor, a powerfiil DSP which is widely used all over the 

5 world. The processor handles long FFTs and IFFTs as well as tailor 
made GEAR (Constant False Alarm Rate) algorithms. The processor and 
these high rate algorithms are developed together to achieve the high 
efficiency needed for real-time operation. Other, more situation 
dependent algorithms, such as the various stages of die tracking procedure 

10 are processed in another DSP, which is also a part of the main processor. 

Much attention is given to the integration of die tracking system 
with the video cameras and the graphics computer. Successful integration 
means a synchronized system, enabling instant transformation from field 
15 coordinates to pixel location in every single frame. 

TV broadcasts of sports events use different graphic effects such as 
highlighting a player, marking his trail, measuring his position, and more. 
In order to display the graphics on the screen in real-time, or instant 

20 replay, the object's position must be known. Current methods of tracking 
allow image tracking but have the disadvantage of working off-line and 
most mediods lack robustness. Thus, it takes a long time to track a player 
from a video clq), and the user must supervise the process. This prevents 
instant replays with graphic effects, of interesting plays in a live 

25 broadcast. 

It is an object of the present invention to provide a system that will 
track the objects automatically with high precision and in real-time. 



3 
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The present invention therefore provides a tracking system for 
tracking players or objects on a sports field, said system comprising a first 
and a second microwave antenna, one antenna comprising a microwave 
transmitter and a receiver and the other antenna only a receiver and 
5 including one or more coded transponders re^ectively carried by one or 
more players or objects on said field, electronic receivers comprising 
electronic processing circuitry connected to receive signals from said 
transponders received at both said first and second antennas to calculate 
the position and identity of each player on said field. 

10 

Preferably each transponder is unique and comprises means for 
receiving a microwave signal at a defined frequency firom an antenna, 
means for shifting the firequency of said received signal by a unique 
ft-equency and means for transmitting said shifted frequency signal back to 
15 the antenna. 

Preferably in the processing circuitry of each receiver means are 
provided for sorting incoming firequency signals according to flieir various 
shifts and also for determining the range of each shifted signal according 
20 to the time difference between a transmitted signal and each shifted 
received signal. 

Preferably each player is provided with a pair of transponders of 
different frequency shift and the receiver circuitry comprises means for 
25 recording die frequency shift identity of both of the transponders for each 
player and ftirther con^rises means for decoding the output of each pair of 
transponders to provide the direction of movement of a player. 



4 
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The present invention will now be described, by way of example, 
with reference to the accompanying drawings in which : 

Figure 1 shows diagramatically a plan view of a football pitch 
5 illustrating the position of antenna; 

Figure 2 shows diagramatically a portion of the pitch of Figure 1 
illustrating the position of two players HI and H2; 

Figure 3 shows a block diagram of the electronic circuitry; and 
Figure 4 shows a flow diagram suitable for generating the data for 
10 tracking a plurality of players. 

Figure 5 shows a further example of the present invention 
illustrating the present invention applied to a horse racing track. 

The system includes four major units : 
15 • MEU 16 - the main electronic unit with most of the digital and RF 
components 

• Transmit/Receive unit 18, 20 - die transmitter, receivers and then- 
respective antennas 

• Transponders - up to 100 transponders worn by die players 

20 • 02 workstation - for running the different applications, such as 
Digital Replay, Vutual Replay, statistics display, and more. 

The diagram as shown in Figures 1 and 2 show a typical iostallation 
widi two antennas 10, 12 however usually 4 antennas are used for 
25 redundancy purposes. 

The antennas 10, 12, which are very compact, can be installed in 
various places, according to the stadium as long as they are preferably 10- 
20 meters high and preferably more than 20 meters from the closest end of 

5 
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the field. No line of sight is needed to each player, but there should be no 
major obstacles between the antennas and the field. After a short 
calibration process in which points a, b, c and d in the diagram are 
determined, the position of each player on the field will be reported 
5 relative to the field's center. 

The MEU 16 is relatively compact (15x15x30 cm) and should be 
installed in the vicinity of the transmitting antenna. The MEU is 
connected to a standard 220V or llOV power supply, and supplies the 
10 power to all the other units. 

The transponders Tl , T2, which are very small and lightweight, are 
wom by the players, and need no special attention. Each transponder can 
preferably function for about 3 to 4 hours without replacing or recharging 
15 the battery. 

SporTrack is based on advanced signal processing techniques 
utilizing Continuous Wave (CW) and spread spectrum waveforms. The 
transmitter sends a very high bandwidth signal, allowing high range 
20 resolution. The signal hits the transponders on the field, and is reflected 
back to the receivers. Each receiver measures the distance to all the 
transponders. The distance from a transponder to both receivers, which 
are installed in a known position, is used to calculate the location of the 
player on the field. 

25 

The identification of each player is accomplished through a 
predetermined frequency shift on the tag. Every tag receives the carrier 
frequency, transmitted from the antenna, shifts it by a unique frequency 
and sends die shifted signal back. In the receiver, the frequencies are 

6 
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sorted according to the different shifts, and every signal is used to 
determine the range. Thus, the ID is extracted from the frequency sorting 
and the range of the tag, from the time difference between the transmitted 
signal and the received one. Each player wears two tags that enable us to 
5 determine the player's heading, by calculating the difference in location 
between the two tags. 

Using techniques like high resolution, spread spectrum and 
advanced signal processing algorithms on one hand, and state of the art 
10 miniature microwave modules on the other, the system can operate with 
an extremely low power and high precision. 

The remmed signals are filtered with digital filters implemented on 
commercial off the shelf DSPs, which are the system's main signal 
IS processor. The players' positions are reported each frame and each player 
is tracked wiOi a Kahnan filter, which is optimal for these situations. The 
system is synchronized to the cameras in the field and so the exact position 
of each player is given for every firame, with the screen coordinates of the 
camera. 

20 

With reference to Figure 2, in a preferred embodiment, antenna Al 
and A2 overlook the field 14, only a portion of which is shown. Two 
players HI, H2 are shown, by way of example, at respective positions xl, 
yl and x2, y2. Each player is equipped widi a pair of transponders Tl, 
25 T2 which are individual to each player. The identity of each transponder 
is recorded in the MEU 16 prior to each game. 

One antenna is coimected to transmit microwave signals from a 
transmitter 20 and backs two receivers 22 and 23. 

7 
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Each player HI, H2 is at a respective distance d and dll 
respectively from antenna A2 and Al and d2, dll from antenna A2 and 
AL Therefore the respective flight times of the microwave signals to and 
5 from the transponders Tl, T2 represent the distances as dl, dll and d2, 
d2L 

In Figure 3 a block diagram is shown in which, for simplicity, the 
receiver input is separated from the transmitter output. 

10 

Power is provided by unit 300 to a microwave generator 302. The 
ou^uts of the generator 302 is controlled by a timer 306. When two 
systems are installed tt)gether (the usual installation of 4 antennas) the 
microwave generator of each unit will operate at a different frequency to 
15 eliminate mutual disturbance. 

The timer 306 is also connected to a first and second timer stores 310, 
312. 

20 Each receiver, possibly combined with die transmitters, Rl and R2 

is connected to a respective decoder circuit 314, 316. 

A second store 318, 320 stores die time differences calculated from 
the respective transmit and receive times and identified by the respective 
25 phase shifts. 

These two differences are then used in a microprocessor 322 to 
calculate die x, y positions of each player. 



8 
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With reference now to Figure 4, a flow diagram is shown. 

The sequence commences 400 to start the time 402 which energises 
transmitter Al to transmit pulses 404, 406. 

5 

Signals are then received 408, 410 at receivers Rl, R2 and the 
ouq)ut times of receipt stored in stores 412, 414 and decoded 416, 418, 

The sequence of the time difference recordal is repeated 420, 422 
10 until no further time sequence signals are left to thereby ensure signals 
from all players are recorded. 

The tunes for each player are recorded in a store (step 424, 426 and 
428, 430), 

15 

The recorded times are compared (step 432) once all have been 
recorded and the distances calculated (step 434). 

Once no further calculations are necessary (step 436) the sequence 
20 may be recommenced. 

From the distances (dl etc) calculated in stqp 434, the x, y 
positions are calculated (step 436) and outputted (step 438) to be used 
either to transmit or for storage of the positions of each player. 

A specific example will described in detail one of SporTrack's 
25 applications, namely, the trackmg of horses in a horse race. 

System Components 

The system 500 comprises the following components: 

9 
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a) transmit/receive units 501,502,503,504,505,506 (transceivers) 
- each transmits from a video signal system generator 530 and receives a 
linear FM signal. Every unit has its own separate (but not exclusive) band 
within the total band. Though these are shown separately, the transmitter 

5 and receiver are combined in one unit or are in adjacent units. 

b) transponder units 510,511,512 (tags) - every tag receives 
signals widiin the frequency band, adds a unique frequency code by 
mbdng the signal with the output of a local oscillator, and transmits the 
signals back. 

10 c) main computer 520 receives the range information from all 

transceivers, calculates the location of each horse, saves it in a database, 
and displays the data by means of graphical representation for a TV 
broadcast. 

d) broadcast camera 540 die measurement of location of the 
15 horses is synched to a broadcast camera, so that the data is accurate for 
every frame. The camera's synch signal 542 is used to synch the RF 
signals as well. 

Each horse carries 2 tags 510 or more (on both sides of its 
saddlecloth) that marks its position and ID. Each tag 510,511,512 is 
20 unique, in the sense of the frequency code that it transmits when a RF 
signal is received. 

Installation 

Every transmitter 501,502,503 and receiver 501,502,502 has its 
own antenna to make a total of 2 antennas per transceiver. These are 
25 installed around the racing track m such a way fliat each part of the track 
is covered by 2 transceivers or more. Each transmitting antenna 501 is 

10 
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installed next to its receiving antenna 504. As in the previous example, 
the antennas are installed above the track plane, and at some distance from 
the track, so that there is a view point that allows coverage of the track. 

The transceivers are connected to a power source, a video synch 
s signal and an Ethernet connection 521 . 

The main computer 520 is located in the pressroom and is also 
connected to the network of transceivers by means of Ediemet inter&ce. 

The transponders 510,511,512 are placed inside a small pocket in 
the inner part of the saddlecloth. Each saddlecloth has 2 pockets, one on 
10 each side, next to the number designating its identity. 

The transmitter frequencies could be in a specific example between 
5.7 to 5.9 Giga hertz. The transponder frequency shift in this example 
could be between 1 to 2 Mhz. 

System operation 

15 The system is synched to the video camera 540 so that every 

measurement made is related to a video frame. The signal is characterised 
by linear frequency modulation (LFM) starting from low frequency 
toward the high one (chirp up pulse) followed by a chirp down pulse 
startmg from the high frequency to the low one. Each vertical synch from 

20 the camera 540 initiates a chirp up LFM pulse, followed by a chirp down 
pulse. 

The signal covers a specific part of the racing track and is received 
by every tag 510 found inside this part at the time of transmission. Each 
tag that receives the signal, adds its own unique frequency code to it and 
23 transmits it back. 



11 
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Each receiver receives 504 the signal and resolves it into elements, 
including the ID, range, Doppler and side. The side parameter is 
determined by a small difference in frequency between the left and right 
tags of each horse. 

3 The ranges measured from each antenna are sent to the main 

computer using an Ethernet interface 521. All ranges from a horse to any 
transceiver that picked it up are used to calculate the position of tiiat 
horse, by means of triangulation between two receivers. 

Svstems Applications 

10 The tracking system output is given in the form of (x, y, id) triplets 

or (x, y, z, id) quadmplets. For each video frame the output data is 
processed in the main computer. The processed data is then used by 
different applications. Some of the main applications are: 

a) automatic camera tracking of a particular horse - the position 
15 data of a predefined horse is fed into a motorized camera unit 544 which 

is able to move along with the horse to capture its movements wherever it 
may be around the track 

b) live highlighting of the leading horse - the leading horse is 
automatically identified and its image on the screen is highlighted in the 

20 live broadcast. The horse's name, number and name of the jockey riding 
it can also be displayed on the live video. 

c) real time and archived database - the position of each horse is 
recorded and kept in a database that can be used to analyse different 
statistics in a race. A few examples are sectional timing, average speed 

25 and speed distribution during the race, maximum speed, acceleration, etc. 
The database also includes other criteria such as track type and condition 

12 
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to allow automatic comparison of horses' perfomiance according to 
environmental and other conditions. 
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CLAIMS 

1. A tracking system for tracking players or objects on a sports field, 
said system comprising a first and a second microwave antenna, one 
antenna comprising a microwave transmitter and a receiver and the other 

s only a receiver and including one or more coded transponders respectively 
carried by one or more players or objects on said field, electronic 
receivers comprising electron processing circuitry connected to receive 
signals from said transponders received at both said first and second 
antennas to calculate the position and identity of each player on said field. 

10 

2. A tracking system as claimed in clann 1 in which each transponder 
is unique and comprises means for receiving a microwave signal at a 
defined frequency from an antenna, means for shifting the frequency of 
said received signal by a unique frequency and means for transmitting said 

15 shifted frequency signal back to the antenna. 

3. A trackmg system as claimed m claim 1 or claim 2 in which in the 
processing circuitry of each receiver means are provided for sorting 
incoming frequency signals according to their various shifts and also for 

20 determining the range of each shifted signal according to the time 
difference between a transmitted signal and each shifted received signal. 

4. A tracking system as claimed in any one of claims 1 to 3 in which 
each player is provided with a pair of transponders of different frequency 
25 shift and the receiver circuitry comprises means for recording the 

frequency shift identity of both of the transponders for each player and 
further comprises means for decoding the output of each pair of 
transponders to provide the direction of movement of a player. 



14 
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5. A tracking system as claimed in claim 4in which each player 
comprises a horse and in which a first transponder is situated on one side 
of the horse and a second transponder is situated on the other side of the 

5 horse, the original from both of said transducers being resolveable into 
elements including the ID, range, Doppler and side identification. 

6. A tracking system as claimed in claun 5 in which said signals are 
supplied to a moveable camera which is ale to track the movement of a 

10 specific horse. 



15 
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